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ARSTRACT

35{;8(

Corrosion of hateriuls by kefluxirng biercury at Tom, @ raturss ALove 1000°F

by

Coulson k. Scheuermann
Cherles A. Barrett
Nerren li. lLowdermilk

Louis hos:nblum

The com-stibility of veriius muterials witn morcury wac cdetermined for
their pcssibls use in contemporary Spece turbo-electric ~owar systems.
Twenty-four msterinls wers: selectsd for testing from the f-llowing
catagoriess austenitic stainless steels, martemsitic chronium steals,
cobelt base :lloys, nickel vase ulloys, and refruac.or. iotald wnc allo,s.
Test results wrnd nuturis.s are Ciscusssa witrn recps-t to com st.tilivy,
stron th, sBLd cwvelcoment problams BusCletued wloun StuCo o L3>

Corrosion rates waere determined tor ssveral slloys. Thesw are

discussed urd compared with existing t:nd0ry.




INTRODUCT ION

A test program was initieted at the NASA Lewis kesesrch Center T.

study the comeetibility of materiesls with mercury for tneir vossicle wsd &S

coptainment meteriunls ir. space turbo-electric power sytieTs. The s=lecticn

of test alloys is riven, ~ith their compcsitions ar.d ava.inbllity status,

in figure 1. Twenty-four muterials were selected. T[hese wore :nuswi Lrod

the c-turorius 1 ~wsbor. iy ctoinless stools, MurteLs.tic ch.romium staels,

gobalt base allcys, nickel vese ulloys, uwnc refroctor, et ks s n.lc) s

Previcus work omn n:rcdry corrosion hac shown that ulloys ¢f rign r.ickel

content were espacially suvject to mercury corrosion. [heretore, & paor

criterion for gnlecting materials for this progrim was thet tray haC » low

nickel contert. Nickel tese slloys ware included for comoarison TUrToses.

The reflux cupsule method wes nrrosen tor the testing btecause it wus

mletively inex:ersive, it wus & cevere test nnd shouis lerc treolf ewsily

to & reting of muterials, enc it was hipud to ve & net: oG anion would

olosely simulate the ex,ected conditions 1o the poiler; leuvs, LOBV}

solution sttimck end co; 081t vuild-up. lhe temperstures of tre tests wers

chosen tc brecket the expected boller temperatures in tue Snup=b system and



were 1000° to 13OOOF. Test times were chosen at jptervals up to 5000 hours.
PROCEDURE

The mercury corrosion capsules, figure 2, were machined {rom bar stock
to %—inch c.D., 1 }/A inches lcng, and 0.040-inch well tnickioess. Tha
capsules were cleaned, filled to 1/3 total internal volumo, si.d sealed with
ap electron beum welder. They were heated to temperature in beds of
{pdividual furnaces, tigures 3 and 4., Upon completicn of the tests, the
sapcsules were plerced for draining of the meroury from the capsules.
Residual mercury was removed by vacuum distillation. The ce sules were

i
%
gectioned lengthwise und one section mounted and exarined metellogrephicly.

A
Depths of penetration 9y the murcury were measured with s filer ayeciece at
the roints of deejest renetration. Capsules of sartimler intsrest werse

axemined with ar electron beam microprobe.

RESULTS ALD DISCISSICK

In genersl, tho sectiorned ca sules snowed complete "tinniny" Ly the
mercury. However, the martensitic chromium steels at thu lower temp®ratlures

showed only vertiel ®inning® snd the refractory metuls were characterized

by no “einning™ st the lower temperaturss and only purtiul ®tinuing® at the



higher temper»tures. Those capsules in which & hign ¢egrae of "t.rring"

cgourred eitc shcwed a crystalline deposit at the poilin- interfs e ¢7uof

varied greetly 1in wme Int with the varying +ast conditicns.

Figure & comparswu the meximum renetr:tions obscorves in :alncted ulloys

after TOLC hcurs st tempor.turs. All rmeterinls werse tasted for 300 hcurs;

nowever, cue to limited testing fmcilities wnd time, represortative or

interosting =lloys of ewmch metarinl categor,, 6Xxce L nickel umse uliloys,
£ gory £ k)

were chosen for testing ut longer times. From tnls {1 ure lr.o meb:rials

can be listed in orcer of c¢a.ressing corrosion resistunce us f.llows:

Cb-12r and tantalum, Sicromo 9M, AM=3%0, and E8-<5. lis order is assunec

to be that of treir res.ective matariul cutagories also. "te uroraly of

vyor ese shenl

-

trs ctsarvad rirntive tar 9reure coefiiciant for f.oom N

is et .resart inragsolvay sr?ounder jrvactionsione. v owe  vo.r is

velieved to bte ty-icel cf the 160 stuinless £Le@1%,.

The n6cr&L1SMS whi~h me. qetemine :ue rnte Ci corrosion ¢ rn te

presented wb 1 tigure b. olid stute ciffusion crdinsri.y weulc not plmy

a slspificant pert i the corrosion Drocess. Tiis leuves ioo solation rate

and the rate of diffusion across tne boundary layer us possitle rute



controling steps in the case where there is only a thin boundary layer
separasting the liguid straem frem the sclid surfuce. As shown st the
bottom of trhe figure, there is 8lso the pcssibility of liguid diffusion
beinpg the rate centrolling sten in some casaS.

Nhen the amcunt of corrosion 1is plotted against time on los-leor
scales, scluticn rate centrolled end tounuary layer difftusicn contruled
processes shoulc ©e distinguishable from liguid diffusicn ccutrolled
processes, since, ideally, the former snould yield lires with sloves of
1.0, while the lutter snoula yield lines with slopss of Td'iie

An example of 4 linear corrosion rete is snown in fipure 7. Here we
see the corrcsion of Hastelloy B as maximum penetraticn in mils r~lotted
ageinst time in hours on log-lop scales. Vustelloy E centairne approxi-
mately €67 by weight of the highly¥ mercury-s-luble elemsrt, nicxel. The
remaining elements, iron und molybdenum, would not te GXFthﬂd tc form an
integrul insoluule network vecause of their high soluvilities in nickel.
The absence of such & network would permit ready &ccess of the mercury
stream to the receding solid nickel surface, giving & s:lution controlled,

or boundary lsyer controljed, corrosion rate.



N

when the highly mercury-solucle glement 1s nct tre mejor constituent
of the alloy, or wnen the insoluble elements can rom & resicduunl nstwerk,
permitting the tormaticn of cuiescent liquid chentels betwasorn the s2lid-
1iquid re.ction fromt and the mercury stream, diffusicn trrougn =he
gquiescent liquid car be the controling rnte. Figure £ shcows the scrresicn
of Sicromo GM 1n toth mils of penetration and weight loss in zr.g/cm2 plotted
against time. The weisht loss fi;ures wers calculated from the penetration
dete and electrourn Leasm microproue unalysis d tu. At 1000%r uo to 000
hours &nd 110C°F up to 2000 hours, the rate is linewr. .ete.lc ra. hic
resalts in thaos rence srowed relatively shallow and dirs 't T9r,8traLicns ME
indicated in the rhitomioropraph to the uprer left. From L0 tc 70OC
hours st 1100% anc st 1200°F diffusion is the contrclir- rtr. Vare
metwn llopreaphis rosults showed & lonp, or tortuous, rath for thns nanetrations
as showr at tne lower left wnich could rive & auiescant li 1! imyar.

If the irsolille rnetwork reachss & sritical thitduess Aoare the
internnl stressgs created by tne Cusuye 1L velume Sds Lo Lad corrcsivu

1

mttBaok ro:ches ti: critioul enear stress for thiis netaork, crucks will ve

initisted in trs nstwor<. [hese cracss cunceivably could <1ve the aurcury



stream ready access to local regicns of solid base metal. If this heppens,
s ghange from parabolioc to linear behavior coulc be exsected. “eversion to
parabolio behavior, however, would not be expected because th orac<s would
have already been initiated and shculd coutinue to grow us tie ccrrosion
centinues. Soulline of this corros.cn product lm,er, or Letworg, would be
expected.

This seems to be & pleusicle ex, lanution of wigt is clserved witn Uie
wllcys [-7187 arnd HS=cGe Figure Y SLOWS such cracking wnd s,ulilng ot “he
gorrosion leyer in ab 1g-25 caosule w.o.ch had peen tected et 1?‘00: for
5050 hours.

F.rara 1 is the weight lcss - time curves for H-cli7. e ca.sules
at 1100°F up threousn 209 hours ¢id not show ecracking of the corrosicn
layer. At 502C hours the crecks spoearvd, soO the trenstiticn te linear
vehevior is likely near HuUC hours. All ca.sules at 1200°F ard 1-.0%,
except those run ior 300 hours, sncwed oracking of this luyer; tnerefcre,
the transitions muy be ax .ected near the peints indicatoed.

The HS-25 waignt louos data &re presented 1n fiyure 11l. at 1300°b all

capsules showed crsokicg of the corrosion layer. At 1200° only the 300-



-~

hour capsules showed no cracking. The 300- and 1000-hour cegsules at
llUOob did not show cracging, ~nile those at longer timss 3id.
CONCLUSI NS

In conciusivn, meterials can be listec in orcer ¢of decroasiL?
corrosicrn resist.rce ns fcllowss refrs.tory matals gnd wlloys, mervsnsitic
cnromium steels, austenitic stuinless steels, cotalt tase alloys, wrnd
finully nizkel tase uiloys.

The r..e of corrosi.n of & muterial in mercury Csh o2 gx,uctud to e
@ linear furction ¢t t.me, proviced thure is no forumtion cf wu integral,
relatively insolublse, retwcrk as a rosult of the corrosicn ~rocess wnich
micht fermit the msintenance of 8 gquiescent liguld leysar. 1f suct layer
were formed, ths corrosion rate would Lecome parab 1.¢. It tiis networg
were brittle and o rs *KS Werw initicted in it, the ccrras..n rote woa.3
epain vecome 1.raurj booWevar, & rsversin Lack to .urebolic tansv. roW L

not be ex.ectad,
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